Materials and methods

Study area
The Yodo River watershed is located in the central part of Honshu Island, Japan. The watershed is summarized in Figure 1 . This watershed is ca. 150 km in length and about 460 streams (the largest one is Ane River; 20 km in length) are located in the upper reaches. Lake Biwa is located in the middle reach (65 km in length). The Yodo River is located in the lower reach (75 km in length) and flows into Osaka Bay. Population density and eutrophication increase from the upper reaches of the Yodo watershed to the lower reaches. The lake is divided into two parts: the North and South basins. The North Basin is the major part of the lake with a maximum depth of 104 m and a water volume of 27 billion tons (OKAMOTO, 1984) . The North Basin has shifted from oligotrophic to mesotrophic by increasing eutrophication from the 1960s to early 1970s (OKUDA and KUMAGAI, 1995) . The basin is monomictic with the water temperature becoming vertically uniform in winter. Thermal stratification begins to develop in April and is well established in mid-summer and early autumn (OKAMOTO and MORIKAWA, 1961) . During the stratification period, the dissolved oxygen concentration in the hypolimnion decreases (NAKA, 1973) . In contrast, the South Basin is small and eutrophic with an average depth of 3.5 m and a water volume of 2 hundred million tons (OKUDA and KUMAGAI, 1995) . It is polymictic. Benthic animals were collected at the same points as the surface sediments in the watershed. Lipids were removed from the collected samples by chloroform-methanol (2:1) and dried at 60•Ž for 24 hrs (BLIGH and DYER, 1959) . Ten to twenty milligrams of the dried samples were isotopically analyzed in the manner described above.
Suspended particulate organic matter (POM) was collected at Station A3 on 21 and 28 March 1994.
Samples were collected on GF/F glass fiber filters precombusted at 450•Ž for 2 hrs and the isotopic content was determined as described above. As indicated in Figure  3 and Fin = Fout +Fden.
and Xin¥Fin = Xout¥Fout + (Xout-9)•Fden.,
where the process of denitrification is assumed to be a first order and irreversible reaction (MIYAKE and WADA, 1967; MARIOTri et al., 1982 
